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(72) . We, Siemens Aktiengesbix- 
scHAPT, si German Oompajiy^ of Berlin and 
Munich, Federal Republic of Germany, do 
hereby declare the dnventioo, for which we 
piay that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to a radio telecom* 
munications system for connecting station- 
ary subscriber stations to a telecommunica- 
tions network such as a public telephone net- 
work. . ^. , ^ ^ 

A radio system of thi$ type is dasdosed by 
the magazine ''Telephonie", September 22, 
1975. pages 40 ^o 47» It serves to enable con- 
nection of thinly populated, rdalivdy inac- 
cessible areas to the public tdqjhone net- 
work, to provide telephone links to station- 
ary .subscribers for whom the outlay of a 
cable connection is not viable* A radio con- 
centrator, assigned to a dial-oiperated ex- 
change, is connected to tiie stationary sub- 
scribers via an ^annidiiectional antenna. The 
known system operates with full duplex and 
makes available a oommbn set of eight fre- 
quency-channels to the subscriber stations m 
ali • transmission directions* A channel is 
seized as and when required via an informa- 
tion exchange :signal with the radio concen- 
trator Dynamic frequency allocation de- 
pendent on the instantaneous traffic intensity 
and geographical position of the subscriber 
station enables a substantial improvement in 
fiequGQcy-channel utilization in comparison 
to a fixed allocation of frequency-channels to 
the subscriber stations, as it enables con- 
* siderably more subscriber stations to 
cooperate with a radio concentrator than 
there are frequency channels available for 
use by the radio concentrator. ' 

In view of the fact that the substantial fre- 
quency bands for radio telecommunication 
are largely allocated to the public and 
private ground radio systems, even the im- 
proved frequency-channel utilisation of the 
conventional radio system mentioiied above 
.-is not suflSoieot to connect the desired num- 
!^ber'o£ stationary subscribers by radio to the 



public telephone network, even. though in 
rural areas the costs for subscriber connec- 
tion 'lines and cables often substantially 
exceeds tiie cost of a radio device* 

According to the invention there is pro* 
vidcd a radio telecommunications system for 
connecting geographically fixed subscriber 
stations to a telecommunications network, 
for example, a public telephone network, 
said radio system including a geographicaEy 
fixed radio concentrator which can be opera- 
tivcly associated with a dial-opcratcd ex- 
change of said network, the radio .conoen- 
trator having a predetermined geographical 
range within which lie the fixed subscriber 
stations, the concentrator comprising a plura- 
lity of geographically adjacent radio subcon- 
centrators respectively assigned to. and pro- 
viding a common focus for, sectors of said 
range, each sub-concentrator having a .direc- 
tional antenna arranged to determine the 
position and size of the assigned range sector 
so as to provide a transmission link with the 
associated set of the subscriber stations, at 
least some of the range sectors being ar- 
ranged to be mutually decoupled sufficiently 
as to be - capable of allocating the same 
frequency-diannel range to their respective 
associated sets of subscriptions. 

It is advantageous if digital si^aj trans- 
mission, particularly binary digital signal 
tmnsndssibn, is used. The like-channel power 
level sparing required for interference-free 
operation amounts to approx. 6dB when 
digital bmary modulation is employed so 
tiiat the required angular $patial decoupling 
between adjoining range sectors can be 
achieved using shnple directional radio an- 
tennae, for example YAGI-antennae em- 

floyed for commercial television reception, 
'urthermore. digital signal transmission Im 
the great advantage that digital signals can 
be readily coded to maintain secrecy of com- 
munication where the transmission links of 
radio telephone systems are readily accss^ 
ible to eavsdroppers. 

.The multiolication factor* representative 
of the sunulfaneous use of the same frequen- 
cy use of the same frequency-channcj with- 
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in a radio concentrator, is proportional to 
the number of range sectors. With a heavy 
traffic concentration, it is thus advisable to 
select the range sectors to be as narrow as 
5 possible. In order, in this case, to limit the 
demands on the directional characteristics 
of the directional radio antennae of the radio 
sub-concentrators — assuming like frequency- 
channel ranges for all the radio sub-concen- 

10 trators— it is effective to provide polatisatioa 
decoupling to improve on the decouijling 
between directly adjacent sectors provided 
by the directional antennae. 
In a further embodiment spatiaiUy alter^ 

15 native range sectors are arranged to have 
the satne frequency-channel range, spatially 
adjacent range sectors having miffierent fre- 
quency^channel ranges. 
Advantageously* m each range sector, the 

20 subscriber stations are arranged to have sub- 
stantiaJly the same received signal power 
level at the associated sub-concentrator an- 
tenna. 

When a relatively small number of sub- 
25 scriber stations are located m a ramge sec- 
tor, information exchange between a sub- 
scriber station and the radio concentrator 
can be carried out in the manner oonven* 
tional in mobile radio systems via the jfcee 
30 operating channel made available to the 
subscriber station by the radio concentra- 
tor. 

On the other hand, when a large number 
of subscribers exist, it is advisable to provide 

35 a service channel between the subscriber 
stations and the radio concentrator and 
which is common to all the radio subconcen- 
trators and which employs a poly-directional 
antenna for information exchange signals 

40 such as dialling, ringing and channel allo- 
cation. Here, when not engaged in contiec- 
tions the subscriber stations are arranged 
for the reception of the service channel sig- 
nals. 

45 If. ui this case, the radio sub-concentrators 
associated with directly adjacent sectors, 
operate with "dif[erent polarisation, it is 
necessary to arrange the polydirectional an- 
tenna for the service cl^nnel to transmit 

50 and receive the different signal polarisations. 
Embodiments of this invention will now 
be described, by way of example, with ref- 
erence to the accompanying drawings where- 
in:— 

55 Fig. 1 is a polar diagram illustrating the 
radio range of a radio concentrator having 
four range sectors of a system embodying 
the invention; 

. Fig- 2 is a polar diagram illustrating the 
60 radio range with eight sectors of a second 
system embodying the invention. 

Fig. 3 is a polar diagram illustrating the 
radio range of a third system embodying the 
invention. 

65 Fig. 4 is a block circuit diagram of a 



radio concentrator of a further system em- 
'bodying the invention^ and 

Fig, 5 js a bloclc circuit diagram of a 
radio concentrator of yet another system 
embodying the invention. .70 

Referring to Fig, 1, a radio telecommuni- 
cations system fes a radio concentrator 
whose radio range is divided mto four sec- 
tors SI, S2, S3 and S4, by providing four 
radio sub-concentrators not illustrated in 75 
detail in Fig. 1. Dkectional antennae ASU 
AS2, ASS and AS4 are indicated merely by 
arrows and are mutually angularly displaced 
by 90^ in the horizontal plans in respect of 
ttieir main beam axes. Each radio sub- 80 
concentrator makes available the same set 
of n frequency-channels Fl . . . Fn to the 
subscriber stations located in the associated 
sector. The frequency-channels Fl . . . Fn 
arc identical fo'r all four radio sub-concen- 85 
trators. However, in order to enhance de- 
coupling between tixe range sectors different 
polarisation is employed - in the sectors 
directly adjacent to one another^ and in fact 
transmission and reception is carried out 90 
with vertical linear polarisation in the sec- 
tors SI and S3 ano with horizontal linear 
polarisation in the sectors S2 and S4* 

The directional antennae ASl . . . AS4 of 
the four radio sub-concentrators can — as 95 
already mentioned— comprise conventional 
YAGi-television anteimae having a beam 
opening angle of approimately 90°, a gain 
of approximately 7 dB and a reflected wave 
attenuation of approxhnately 22dB. When 100 
a conventional YAGI antenna is rotated 
by 90** about its rod axis relative to another 
such antenna, a polarisation decoupling of 
20 to 30 dB can readily be achieved be- 
tween the range sectors of the two antennae, 105 

The primary function of the polarisation 
decoupung provided in the embodiment 
shown in Fig. 1 is to differenciate between 
subscriber stations lying in the boundary 
areas between adjacent sectors, by means of 110 
the polarisation, with a clearly defined as* 
sigiunent of the subscriber stations to the 
one or other of the .range sectors. If. on 
account of geographical factors, no sub- 
scriber stations lie in boundary areas be- 115 
tween adjacent sectors, polarisation- decoup- 
ling of this kind can be omitted. This apphes 
in particular when digital signal transmission, 
(in particular, by binary frequency modula- 
tion) is being used, as in this case the requi 120 
she decoupling between sectors employing 
the same radio frequency-channels need only 
amount to approximately 6 dB for inter- 
ference-free operation.. 

The radio rang© illustrated in Fig. 2 125 
fers. from the. structure shown in Fig. U in, * " 
that in place of four range sectors, ieight 
sectors Si\ S2^ , . . S8*'are u^ed Accord,- 
ingly* this radio* conpentrator cocnprises 
eight radio sub-concentrators havinig diiec' 130 
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laiiy displaced by 45^ from one another m 
the horizontal plane. Here again, the outlay 
for the directional antennae is kept within 

5 linut5. The beam opening ando with 3 dB 
drop here is approximately 45^. The gain 
amounts to approximately 10 dB and the 
reflected wave attenuation to approximately 
28 dB. ITie polarisation decoupling corres- 

lO' ponds to that obtained in the embodiments 
illustrated, in Fig; L 

' In the modifiad form of the Fig. 2 em- 
bodiment which is shown in Fig, 3, in addi- 
tion to the angular decoupling, a frequency 

15 decoupling is employed between aajacont 
range sectors in that the set of frequency* 
chamiels Fl . * . F« is employed in the 
sectors S2\ S4\ S6^ and S8S and the set of 
frequency-channels Fn+1 . . . Fm are em- 

20 ployed in the sectors Sl\ S3\ S5^ and S7^ 
However^ the radio rang© $hown in Fig. 3 
is employed only when the requirements of 
frequency economy allow. 
The economy in frequency utilisation 

25 which can be achieved by means of systems 
embodying the invention will be indicated 
in die fcjlowin| by means of a calculation 
relating to thedivision of a radio range into 
eight sectors in accordance with Fig. 2. 

30 It will be assumed that delta modulation 
with 32 kbit/s per channel is employed for 
the digital signal transmission, and in fact 
biliary frequency modulation is to be em- 
loyed. With the described type of modula- 

35 tion» the chamiel " raster for the radio fre- 
quency-channels can be. fixed for a raster 
spacing of 50 iSiz, and will be assumed to 
have an overall bandwidth of IMHz, Ac* 
conlm^y the number of available RF chan- 

40 nels amounts to« 

' 1 MHz (50 KHz.2) =s 10 duplex channels, 
when signal" transmission in full duplex op- 
eration is provided between the radio con- 
centrator and the subscriber stations. 

45 ' Thus, the effective number of channels 
which can be provided in the dial-operated 
exchange area, -with eight range sectors, 
amounts to 
10 ,8— 80 channels. 

50 Assuming dynamic frequency allocation, 
the numbeif of subscribers who can be con- 
nected in the dial-opeiated exchange area 
"with 0.8 connections/radio channel and 
0.05 coimeotions /subscriber h 

55 ' ' 80.0 . 8/0. 05 = i^SO subscribers. 

- If it is further assumed that the area of 
the West German Republic contains approx* 
imately 2000 dial-operated exchanges, the 
tbtal number of subscriber stations >*hich 

60 can be cormeoted is 

1280.2000 ==2 560 000, 
' In practice the subscriber stations will 
not be distributed as uniformly as* has been 
assumed' for .the calculation, purposes. Fur- 

65 thetmote/ certain deductions tiiust ^so be 



made for the like-channel disturbances betr' 
w:een ' different dial-operate.d exchan^. 
However, even taking into consideration 
these Ihnitations. the frequency economy 
which can be. achieved is such that— at any 70 
fate considered from the available frequency 
aspect— there is ailmost no lirhit to the num* 
ber of subscriber stations that can be con- 
nected. 

The bloidk circuit diagram in Fig. 4 illus- 75' 
trates a radio concentrator which consists 
of four radio sul>concentrators 1» 2, 3 and 4 
having, four directional antennae ASl, AS2, 
AS3 aittd AS4 angularly displaced .from one , . 
another by 90^ in the horizontal plane, and 80 
which produce a radio range as shown in 
Fig. 1, naving four range sectors SU S2* S3 
and S4. 

The different .polarisatioDs. of the direc-' 
tional antennae ASl, AS3 on the one hand 85 
and AS2 and .AS4 on the other hand is 
achieved by arranging that the director 
rods of the directional antennae ASl and 
AS3. are aligned at right angles to the 
ground, whereas the director rods of the an- 90 
tennae ASl and AS4 are arranged in the 
horizont^ plana At the antennae side, each 
of the radio sub-concentrators possesses 
an antenna branching deyice AW which is 
connected to radio equipmeot S/E for 95 
providing the frequency-channels made 
avaflable by the radio sub-concentiator. The 
transmitting-receiving devices of the radio 
equipment S/E are further connected to a 
concentrator K which at its output is pro- 100 
vided widi a number of subscriber lines 
corresponding to the number of subscriber 
stations in the relevant range sector. Further- 
more, the concentrator K is connected at its 
output side to a translator U, the function of 105 
which will be'explalned below/ 

The translator U is connected to distribu- 
tor switching panel VD of dial-operated ex- 
change WV. The distributor switching panel 
VD is divided into a connection panel for UO 
radio subscribers and a connection panel 
AS-TL for line subscribers. The terminals 
are in each case permanently wired, so that 
each subscriber station is clearly assigned 
within lie dial-operated exchange WV to US 
one of the four sections. 
• In the event of a call arrivmg at the dial- 
operated exchange WV for a subscriber sta- ' 
tion v^'hich can be reached by radio, this call 
is converted in the translator U mto a selec- 120 
tive call assigned to this subscriber station 
and transmitted via the concentrator K and 
a free frequency-channel to the subscriber 
station. The subscriber station receives thi$ 
call by constantly interrogating the channels 125 
of the radio sub-concentrator to which it is 
assigned and acknowledges this call in the 
opposite direction via a free channel with 
winch it has been provided by the mdio sub- 
ooncentrator, and thus triggers the switch- 130 
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tlirough of the prepared connection in the 
dial-operated exchange WV, In the opposite 
direction, the function of the translator U is 
to identify the subscriber station for the pur- 
5 pose of charge metering. 

This decent£ali$&d organisation, in which 
the infonnation exchMige is carried out via 
a free RF operating channel between the 
subscriber station and the radio sub-concen- 

10 trator and dial-operated exchange to which 
the radio concentrator is assigned* is eflEective 
only as long as the number of channek made 
available by the radio sub-concentrator is 
small. Otherwise the time required for the 

15 interrogation of the individual chaimels by 
the subscriber stations prior to connection 
establishment is too high. 

Fig. 5 illustrates a variant ot the embodi-/ 
mrat shown in Fi^. 4. and comprises a radio 

20 concentrator having a dial-oi^iated ex^ 
change, arranged such that the infonnation 
exchange between the subscriber stations and 
the radio concentrator which is required for 
connection establishment is effected via a 

25 service channel which is common to all the 
radio- sub-concentrators and which, in con- 
ttast to the channels associated with the 
radio sub-coDCcintrators, is transmitted and 
received by the radio concentrator via a 

30 poiydirectional (omnidirectional) antenna 
RA- The service channel itself possesses a 
radio set S/E which includes a transmitting- 
receiving device and which in turn co- 
operates with the translators of the radro 

35 sub-concentrators h 2. 3 and 4 via radio 
control device FS. Here the basic function 
of the translators is called analysis, 
whether this call be incoming in the direc- 
tion towards an associated subscriber station 

40 or vice versa. When not engaged in a call 
the subscriber stations within the overall 
radio 'range are switched to the service 
channel and constantly interrogate the latter 
in respect of a. call which they may be re* 

45 ceiving. A call transmitted from a subscri- 
ber station is also fed via the service chan- 
nel, which is expediently a duplex channel, 
to the radio concentrator and passes via the 
radio control device FS and the translator 

50 to the dial-operated exchange which es- 
tablishes the desired connection in associa- 
tion with the radio sub-concentrator.assigned 
to the relevant subscriber station. 
" In the embodiments described above, the 

55 division of the radio range into sectors with 
mutual decoupling, at least in the form of an 
angular spatial decoupling, allows a multiple 
exploitation of the available frequency chan- 
nels and consequently a multiplication of the 

60 number of subscribers who can be connected 
to a radio concentrator. This is of particular 
importance where a dynamic frequency- 
channel allocation is employed to be depen- 
dent on traffic intensity and geographical 

65 location of the subscriber stations, mow- 



ever» even when» in very thinly populated 
areas, dynamic frequency-channel aDocation: 
is not used for financial reasons, the multiple 
use of frequency-channels ha$ considerable 
advantages in comparison to Imown radio 70 
systems. 

One further step which can be taken to 
improve the mutual decoupling between 
adjacent radio range sectors is to arrange; 
that the subscriber stations shall determine 75 
their transmitting power levels so that their, 
signal levels at their associated radio conceA'* 
trator shall be approximately the same. 

WHATWECLAIMIS:— . 80 
L A radio telecommunications system for 
connecting geographically 6xcd subscriber 
stations to a telecommunicatiofls network, 
for example, a public telephone network; 
said radio system including a geographic- 85 
ally fixed radio concentrator which can be 
operatively associated with a dial-operated 
exchange of said network, the radio concen- 
trator having a predetermined geographical 
ran^e within which jie the fixed subscriber 90 
stations^ the concentrator comprising a plur- 
ality of geographically adjacent radio sub-; 
concentrators respectively assigned to, and 
providing a common factor tor, sectors of 
said range, each sub-concentrator having a 95 
directional antenna arranged to detennine 
the position and size of the assigned range 
sector so as to provide a transmission lime 
with an associated set of the subscriber 
stations, at least some of the range sectors 100. 
being arranged to be mutually decoupled 
sufficiently as to be capable of allocating 
the same frequency-channel range to their 
respective associated sets of subscriber sta- 
tions. 105 

2. A system according to Claim T where- 
in means are provided for mutually dcr 
coupling spatially adjacent range sectors. 

3. A system according to Claim 2 wher^ 

in the antennae are arranged to provide 110 
mutual decoupling between spatially adja» 
cent range sectors* on the basis of signal 
power level. 

4. A system according to Claim 3 where- 
in each range Sector is arranged to use 115 
digital signal transmission. 

5. A sjjstem according to Claim 4 where- 
in said digital signal transmission is a binary 
signal transmission. 

6. A system according to any one of 120 
ClauDS 2 to 5 wherein all the range sectors 
have the same frequency-channel range lor 
^location to their respective associated sets 

of subscriber stations. 

X A system according to Claim 6 whexe^ 125 
in said decoupling means includes arranging 
the spatially adjacent range sectors to have 
different' polarisation transmission links. 

8; A system acciording to any one of 
Claims I to 5 wherein spatially alternate 130 
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range sectors are arranged to have the same 
frequeocy-chaxmel range» spalial]y adjacent 
ran^ sectors haviog different frequency- 
channel ranges, 
5 9» A system according to any one of the 
preceding Claims wherein^ in each range 
seotOT» the subscriber stations are arrang«3 
to establish substantially Che same received 
signal power level at the associated sub- 

10 concentrator antenna, 

10 A system according to any one of the 
preceding Qaims wherein a service channel 
is provided common to all the sub-ooncen- 
trators so as to supply service signals to all 

IS the subscriber stations, the service channel 
having a polvdirectional antenna arranged to 
transmit and receive over aU the range sec- 
tors, the subscriber stations eacli being ar* 
ranged to receive the service channel when 

20 the subscriber station is not engaged in a 
connection with another subscriber station. 

Ih A system according to Claim 10 
wherein said polydirectionai antenna is 
capable of transmitting and receiving xadio 

25 waves of different polarisations. 

12. A system according to any one of 
the preceding Qaims wherein the frequency 
channel allocation within the range sectors 
is dynamic and dependent on the instanta* 

30 neous traffic intensify. 

13. A radio telecommunications system 
for connecting geographically fixed subscri- 
ber stations to a telecommunications net< 



work, for example, a public tdephone met- 
workp said system having at least one geo^ 35 
graphica<l}y fixed radio concentrator wmch, 
in respect of organisation, is assigned to a 
dial-operated exchange of the conmiunica- 
tions network, the radio range of the radio 
concentratorp with the fixed subscriber 40 
stations located therein, being divided into 
radio direction sectors having a common' 
focus at the xadio concentrator and, each of 
which is assigned a radio sub-concentrator 
of the radio concentrator with a directional 45 
antenna which establishes the associated radio 
direction sector in respect of position and 
sector an^e size. Those radio sub-concen- 
trators whose radio direcdon sectors possess 
an adequate mutual decoupling, having idea* 50 
tical frequency-channels for allocation to the 
subscriber stations. 

14. A radio telecommunications system 
for connectimg stationary subscriber stations 
to a telecommunications netwodc such as a 55 
public telephone network, said system being 
substantially as described herein with refer*' 
ence to any one of the figures of the accom- 
panying drawings. 

For the Applicants, 
G. F. REDFEWI & 00,, 

Marlborough X^odge, 
14 Famcombe Road> 
Worthing, West Sussex. 
BNll 2BX 
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